). Rather than mice and mint, Wittebolle et al. used bacterial species, which meant that their microcosms could be small -indeed, as wells in microplates, they were very small. Each well contained 18 denitrifying species (largely proteo bacteria), at densities of 10 7 per millilitre. Denitrifying bacteria metabolize nitrates and nitrites, and the level of denitrification provided a measure of ecosystem function. With the aid of modern tools to assess net de nitrification, such as flow cytometry, ultracold freezers, robot pipetters and spectrophotometric microplate readers, the microplate system made exploring evenness possible at a level of thoroughness simply unimaginable by more typical ecological methods.
The thoroughness of this study 2 makes its results rather convincing. The authors found that declining evenness affects ecosystem functioning in much the same way as declining richness does. But the magnitude of the impact depends on the nature of the stress the ecosystem is experiencing and the functional traits of the dominant species (such traits are the properties that govern how species respond to or affect their environment, in this case 2 tolerance to cold or salinity; Fig. 1 ). For example, no bacterial species fared well when microcosms were exposed to cold stress. When exposed to salinity stress, however, some species were more salt tolerant than others; thus, microcosms with greater evenness were more likely to have enough salt-tolerant individuals to assure net denitrification.
These findings do not mean that we should run out and increase species evenness. Natural ecosystems are typically uneven, but the real world is highly heterogeneous, spatially and temporally, unlike the highly controlled conditions of this study. In the real world, different species will naturally dominate in different places and at different times, so the potential value of rare species is missed in studies where conditions do not fluctuate. There is also a growing literature suggesting that the richness and evenness of functional traits 10 are more relevant to ecosystem functioning than species richness and evenness. What mattered in this study, for example, was the diversity of stresstolerance traits, not the species diversity. The real world is also trophically complex, making one wonder what the results might have been if viruses or microflagellates that prey on the bacteria had been present. These are directions future research should take; but as the level of detail in the authors' supplementary material illustrates, to do that will be daunting.
Do we need to go much further, however, before delivering the clear message of this research? Wittebolle and colleagues' study is technically sophisticated, abstract and small in scale. Nonetheless, the implications are global, much as Priestley's message about the balance of nature was more than two centuries ago. Ecosystems worldwide are becoming dominated by one or a few domesticated or invasive species 11 . So it seems likely that ecosystem functions and the services they provide are becoming less and less resilient to the stresses, such as climate change, nitrogen deposition and salt-water intrusion, that are being generated by the world's rapidly increasing population.
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SOLID-STATE PHYSICS

Spin's lifetime extended
Jaroslav Fabian
Electrons in semiconductors are subject to forces that make their spins flip. According to new evidence, if an ensemble of spins curls into a helix, the collective spin lifetime can be greatly enhanced.
Over the past decade, electron spin -the electron's intrinsic rotation, which is commonly described as 'up' and 'down' and which gives rise to its magnetic moment -has come to the forefront of research in solid-state physics. A whole new field, called spintronics [1] [2] [3] [4] , has emerged as an umbrella for both applied and fundamental research on spin transport and spin control in metals and semiconductors. On the applied front, spintronics is already realizing its potential in applications such as magnetic read heads in computers' hard disks or magnetic random-access memories that are non-volatile -that is, they can retain information even when the power is turned off. On the fundamental side, the field is generating equally fascinating discoveries of spin phenomena. One such discovery, the realization of a 'persistent spin helix' in a semiconductor is reported by Koralek and colleagues 5 on page 610 of this issue.
Spin is an intrinsic property of the electron that never goes away. But unlike the electron charge it has two possible values, positive (up) and negative (down), which are linked to the spin-axis orientation. This means that the net spin of an ensemble of electrons can decay. Start with an ensemble of spin-up electrons and in a nanosecond or so you may find that they are equally 'up' and 'down', resulting in an ensemble that has no net spin.
In semiconductors, the major cause of spin decay is a rather weak, and up to recently underappreciated, quantum interaction called spin-orbit coupling. This interaction couples the electron velocity (orbit) with the electron spin. The electron velocity changes randomly when the electron moves past imperfections in the semiconductor's crystal structure or changes simply as a result of atomic-lattice vibrations. Because of spin-orbit coupling, the spin orientation of the electron changes as well. But only a little: the electron needs thousands or even millions of velocity kicks, depending on the semiconductor, for its spin to flip and erase the memory of its original orientation.
In spintronics applications, long -tens to hundreds of nanoseconds -spin relaxation times (the time it takes an itinerant electron to flip its spin) are desired to preserve the information encoded in the spin as electrons travel through spintronic devices 2 . To inhibit spin relaxation as much as possible, we could envisage eliminating crystal imperfections and atomic vibrations, but this would be a quixotic exercise in fighting the laws of thermodynamics.
In their experiment, Koralek et al. 5 focus on spin-orbit coupling instead. Although such coupling cannot be switched off, it can be tailored by tuning the underlying spatial anisotropy of the semiconductor quantum well -a thin layer of semiconductor material (in this case, gallium arsenide sandwiched between two layers of another semiconductor), which restricts the movement of electrons in the dimension perpendicular to the plane of the layer. The quantum well's spatial anisotropy discriminates between two possible spin orientations in the plane of the quantum well. Because of spin-orbit coupling, this anisotropy is reflected in an anisotropy of spin relaxation 6 , which has been explored in a spectrum of themes, from spintronic devices 7 to the propagation of plasmons (quanta of electronic plasma oscillations) 8 . By tuning such spatial anisotropy and by curling electron spins into a helical wave of a certain wavelength and pitch, Koralek and colleagues demonstrate that spin relaxation find in their experiments. By suitably tuning the structural composition of the quantum wells, achieved by varying both the width and the degree of doping asymmetry of the quantum well, the authors show that the emergent persistent spin helix lasts a hundred times longer than the normal one. The spins curl themselves up to ward off spin relaxation. The slow decay of the persistent spin helix is caused by residual spin-orbit interactions.
Koralek and colleagues' experimental realization of the persistent spin helix is a breakthrough towards minimizing and controlling spin relaxation in electronic systems. The next chapter in the field of spintronics is one that deals with ways of controlling the spin's lifetime electrically. That could be achieved by turning spin helices on and off with an electrical gate, or by demonstrating their role in the predicted drastic increase of electrical spin injection efficiency, an essential part in the operation of spintronic devices 12 . For the spin, this is as good as it gets -at least for now. ■ Jaroslav Fabian is at the Institute for Theoretical Physics, University of Regensburg, 93040 Regensburg, Germany. e-mail: jaroslav.fabian@physik.uni-regensburg.de becomes inhibited. The authors show that the collective spin-orientation wave persists for much longer than its individual spin components. That is, spins in the helical wave become immune against relaxation: spin-orbit coupling is effectively absent, making the spin unaware of the random velocity kicks. This so-called persistent spin helix, which was theoretically introduced by Bernevig et al. 9 , is based on a dynamical symmetry of the entire spin ensemble that is formally akin to the rotational symmetry a single electron spin enjoys in the absence of spin-orbit coupling (Fig. 1) .
Despite the appeal of the theoretical ideas behind the persistent spin helix, a theorist's notion of fine-tuning spin-orbit coupling and creating rather special spin helices is a far cry from the experimental effort required to realize them. And yet Koralek and colleagues have succeeded in doing just that. Their experimental demonstration of the persistent spin helix is a remarkable feat.
To create spin-orientation waves of the required wavelength, the authors used a technique known as transient spin grating 10, 11 . In their experiment, two non-collinear laser beams of light linearly polarized in orthogonal directions interfere at the plane of the quantum well and produce a sinusoidal pattern of light helicity: stripes of alternating circular polarization (helicity) of light. Such a pattern of helicity can orient electrons' spins through a process called optical orientation 2 and generate a spinorientation wave. Say that right-or left-circularly polarized light creates spin-down and spin-up electrons, respectively. The pattern of light helicity then translates into an identical pattern of electron spin orientation. The wavelength of such a spin-orientation wave can be The resulting (linearly polarized) spin-orientation wave can be viewed as composed of two spin helices -waves of rotating spin orientation. One helix rotates clockwise, the other anticlockwise. Under the right conditions, only one of them is the persistent spin helix. The other helix decays as usual. By watching the temporal evolution of the spin-orientation wave pattern with probe laser beams, we should in principle spot an initial fast decay of the normal (non-persistent) helix, followed by a much slower decay of the persistent one.
This is exactly what Koralek and colleagues
DNA REPAIR
New tales of an old tail
Jiri Lukas and Jiri Bartek
Modifications of DNA-associated histone proteins maintain genome integrity. On damage to DNA, phosphorylation of histone H2A.X determines whether repair is justified or if the damaged cell must die.
Chromosomal DNA wraps around histone proteins to form a complex scaffold called chromatin 1 . The reorganization of these proteins following DNA damage is crucial for repairing the damage, and so maintaining genomic integrity and reducing the likelihood of cell death or cancer. One such histone modification -known as γ-H2A.X -follows DNA double-strand breaks (DSBs) and involves phosphorylation by the enzyme ATM of serine residue 139, which is located in the carboxyterminal tail of the histone variant H2A.X (ref. 2). γ-H2A.X generates a chromosomal microenvironment that promotes recruitment of repair proteins 3 and facilitates DNA repair to reduce the risk of mutations 4 . But how this modification is regulated and how it affects cell fate have remained elusive. Two papers 5, 6 , including one on page 591 of this issue, provide insights into these questions.
